executive functioning [7] [8] [9] . Although the future perspective of DCD is much more optimistic 44 compared to EOA, patients diagnosed with DCD may experience motor difficulties even into 45 adulthood [7] . With treatment, functional outcome in these children can be improved [7] . 46 Finally, in young healthy children (CTRL), immaturity of the cerebellar circuitry is 47
Hidden Markov Models (HMMs), which were shown to be effective in analyzing gait 74 sequence data acquired with IMUs [17] [18] [19] [20] [21] [22] . 75 76
Materials and methods 77

Participants 78
The study was performed in accordance with the research and integrity codes of the UMCG. 79
Since gait assessment is routinely performed as part of scoring of the SARA during clinical 80 assessment, the Medical Ethical Committee of the UMCG provided a waiver for ethical 81 approval. After informed consent by the parents and informed assent by the participants 82 (when older than 12 years of age), we included ten EOA [m 13.3 (sd 3.8) years], seven DCD 83
[m 9.6 (sd 2.2) years] and twenty age-matched CTRL [m 12.1 (sd 3.3) years] children. There 84 were no significant age differences between groups (ANOVA, p=0.07). 85
The inclusion criterion for EOA was clinically assessed ataxia before the 25 th year of life, 86 either confirmed by a prior diagnosis and/or confirmed by two specialists from the movement 87 disorders team (with access to the clinical radiologic evaluations, metabolic tests and genetic 88 data). Identified EOA diagnoses involved: Niemann Pick Type C (n=1), MHBD-deficiency 89 (n=1), Friedreich's Ataxia (n=2), CACNA1A (n=2) and unknown (n=4). The inclusion 90 criterion for DCD was the assessment of impaired coordination as clinically established by an 91 independent rehabilitation clinician, according to DSM-IV-TR[23], after exclusion of a 92 movement disorder by a neurologist. The inclusion criteria for healthy young children were 93 the ability to follow mainstream education and absence of any neurological or orthopedic 94 disorder as well as other physical conditions or prescribed medication that could theoretically 95 interfere with the execution of SARA tasks. 96
The SARA scale represents an ataxia rating scale in the domains of gait, upper limbs 97 coordination, and speech, with scores varying from zero (no ataxia) to the maximum severity 98 of 40 [11] . The SARA gait subscore varies from zero (no difficulties in walking) to eight 99 (unable to walk). We compared SARA score and SARA gait subscore between groups using 100 an ANOVA test in case of normally distributed data and a Kruskal-Wallis test for non-101 normally distributed data. 102
During their visit to the UMCG outpatient clinic, we videotaped the SARA performances of 103 all participants. The SARA gait evaluation consists of the assessment of 1) walking at a safe 104 distance parallel to a wall and 2) walking in tandem without support [11] . In this study we 105 focused on 1). According to SARA guidelines [11] , participants were asked to walk in a 106 straight line at their own speed in a corridor of approximately 15 meters, turn 180 o and return 107 to the starting position. We strived to obtain a similar number of strides and trials from all 108 participants. However, due to their condition, the number of recorded strides varied across 109 participants. In particular, the gait segmentation algorithm identified 54.4±17.3 strides (mean 110 ±standard deviation) for control subjects, 53.6±12.8 strides for DCD patients and 40.9±16.9 111 strides for EOA patients. These performances were recorded by six IMUs (Shimmer3, 112
Shimmer, Dublin, Ireland) including three accelerometers and three gyroscopes that were 113 attached to the body with elastic straps. Data were recorded at a sampling rate of 256 Hz 114 while participants performed the tasks described in the SARA. Before each recording IMUs 115 were calibrated using software from the manufacturer (Shimmer 9DoF Calibration v2.5). One 116 IMU was placed on the sternum, another one on the low back close to the L3 vertebra, two 117 were placed bilaterally halfway each upper leg over the quadriceps and two on the lateral side 118 of the shanks, just above the malleolus. This set-up was chosen to be able to carry out various 119 analyses including joint kinematics analysis during SARA motor tasks. However, given the 120 goal of this study, only data from a subset of IMUs was used. hoc Mann-Whitney U tests revealed that SARA total scores were significantly higher in EOA 205 than in DCD (p<0.01) and that SARA total scores were significantly higher in DCD than in 206 CTRL (p<0.01). SARA gait scores were significantly different between groups, as well 207
(Kruskal-Wallis test,p<0.01). Post-hoc Mann-Whitney U tests showed that SARA gait scores 208 were significantly higher in EOA than in DCD (p<0.01) and that SARA gait scores were 209 significantly higher in DCD than in CTRL (p<0.05) ( Table 2) . 210
211
Feature selection 212
The feature set obtained by applying the sequential backward feature selection is summarized 213 in Table 1 . Retained features are indicated with check marks: four out of six HMM-based 214 features and 37 out of 84 features in the time and frequency domain were retained. 215
216
Phenotypic assessment and automatic classification results 217
The confusion matrix for the phenotypic assessment performed by the two specialists is 218 reported in Table 3 , part 1. Every assessment is reported as an entry for the confusion matrix. 219
The SVM classifier output is summarized in confusion matrices reported in Table 3 (parts 2  220 and 3). The first classification output describes the walking trials classification and shows 221 that 63.8% of walking trials were assigned to the correct group. The majority voting resultedin correct classification for 78.4% of participants. In particular, no DCD or EOA participants 223 were incorrectly classified as CTRL. However, four CTRL participants were mistakenly 224 classified as DCD or EOA and a few misclassifications occurred between EOA and DCD. 225
The relation between the SARA gait subscore and the classifier output is shown in figure 2 . 226 227 For the purpose of this discussion we looked into some individual misclassification cases. 250
The automatic classifier placed one DCD participant in the EOA group. This is most 251 probably due to the accidental misplacement of the shank mounted IMUs, occurred in the 252 participant data acquisition session and recognized by analyzing the video-recordings of his 253 walking trials. Interestingly, this participant was placed in the CTRL group by both 254 evaluators. The automatic classifier misclassified three EOA and two CTRL participants, 255 placing them in the DCD group. In two of these cases, one of the two evaluators agreed with 256 the automatic classifier. There were two cases of misclassified CTRL participants in the EOA 257 group. These participants were placed in the EOA and DCD groups and in the DCD and 258 CTRL groups respectively by the evaluators. They also obtained impaired/sub-optimal SARA 259 gait subscores, suggesting that phenotypical assessment and automatic classification 260 identified a sub-optimal/impaired coordination. 261
Comparing the automatic classifier assessment with the phenotypic assessment revealed a 262 higher diagnostic accuracy by the former in DCD subjects (50% higher) and a higher 263 diagnostic accuracy by the latter in EOA patients (20% higher). For controls, both methods 264 revealed similar accuracies, with a slightly higher accuracy of the automatic classifier (2.5 % 265 higher). For instance, a child with a genetic diagnosis and discrete changes in tandem gait does not 274 necessarily reveal abnormalities in the walking pattern that can be picked up by the classifier. 275
Similarly, the phenotypic assessment which is based on videotaped SARA gait performances 276 could be heavily affected by the observation of tandem gait, standing and by the perception of 277 the age of the child, expressions that were not included in the recordings processed by the 278 automatic classification, which is applied only to data recorded during straight walking. 279
Considering that the automatic classifier was applied exclusively to straight gait recordings, a 280 78% classification accuracy is very promising. Once the automatic classifier application will 281 be extended to other SARA gait and kinetic parameters, it is expected that the accuracy of 282 this method will increase. 283 Interestingly, the phenotypic assessment revealed a higher sensitivity for EOA patients, 284 whereas the automatic classifier revealed a higher sensitivity for DCD and control subjects. 285
As EOA represents a neurologic diagnosis, and as DCD represents a practical rehabilitation 286 diagnosis (after exclusion of neurologic abnormalities), it appears hardly surprising that 287 pediatric neurologists are better skilled to identify EOA than DCD. As specific standards for 288 DCD recognition are still missing, it appears tempting to speculate that future classifier-based 289 assessments of additional DCD domains may assist further delineation of this broad 290 diagnostic group. Within the limitation of the present study, we would thus suggest that 291 future extension of the classifier's test domains and also inclusion of a larger number of 292 patients may help to improve the diagnostic accuracy of pediatric coordination impairment. 293
Hopefully, this study provides a first step towards incorporating a clinically objective and 294 viable biomarker for uniform identification of EOA and DCD. 295
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